This paper studies the long-term effect of hedge fund activism on the productivity of target firms using plant-level information from the U.S. Census Bureau. A typical target firm improves its production efficiency within two years after activism, and this improvement is concentrated in industries with a high degree of product market competition. By following plants that were sold post-intervention we also find that efficient capital redeployment is an important channel via which activists create value. Furthermore, our analyses demonstrate that measuring performance using the Compustat data is likely to lead to a downward bias because target firms experiencing greater improvement post-intervention are also more likely to disappear from the Compustat database. Finally, consistent with recent work in asset-pricing linking firm investment decisions and expected returns, we show how changes to target firms' productivity are associated with a decline in systemic risk, particularly in competitive industries.
Introduction
A growing literature on hedge fund activism identifies a significant stock price reaction (5-10 percent abnormal return) for targeted companies with the announcement of activism (Brav, Jiang, Partnoy, and Thomas (2008a) , Klein and Zur (2009), Clifford (2008) , Greenwood and Schor (2009) ). The range of short-term price impact is highly consistent across different studies and different markets. 1 The current literature on hedge fund activism, however, has not explicitly identified the underlying sources of value creation by hedge fund activists. As a result, little is known about the precise mechanism via which activists are able to increase shareholder value. In fact, opponents of hedge fund activism often blame hedge fund activists as "short-term focused" and "financial engineering oriented," 2 denying any meaningful real and long-term impact.
The limitation of previous research is due both to the novelty of the topic, and hence the lack of a large sample of post-intervention data, as well as the constraints of databases (such as Compustat) that cover only public companies at the firm level. First, within two years of activists' intervention, close to 20% of companies targeted by activists disappear from the Compustat database since they were either acquired or delisted, doubling the normal attrition rate of the Compustat universe. As a result, researchers have not been able to assess the post-targeting performance based on an unbiased sample. Second, commonly used operating measures such as return on assets (ROA) do not reveal the underlying channels of improvement. In particular, these standard performance measures cannot isolate improvement in the productivity of the going concerns, that is, production efficiency gains, from gains to capital reallocation that are due to divestiture of underperforming assets and refocusing.
This paper addresses both of these important issues by exploring the longitudinal data of manufacturing establishments (i.e., plants) from the Census of Manufacturers (CMF) and the Annual Survey of Manufacturers (ASM) databases maintained by the U.S. Census Bureau. By matching these plant observations to hedge fund activism events from 1994 to 2007, we examine the dynamics of production efficiency for firms targeted by activists, measured by total factor productivity (TFP), and the gains in efficiency due to the reallocation of target firms' plants.
The following key findings on the long-term real effect of hedge fund activism arise from our analyses. First, the productivity of plants owned by the target firms shows a "V"-shaped pattern around the year of the intervention. Two years prior to the intervention, the productivity of target firms' plants is significantly higher than their control plants with similar size and age in a given industry and year. Target firms' productivity deteriorates during the two years leading to the intervention to a level similar to that of the control plants, but then rebounds to the pre-activism level two years post-activism. Second, we find that this improvement in production efficiency associated with hedge fund activism is concentrated in industries with more intense product market competition.
Third, we document for the first time that there exists a positive "spillover effect" of activism on the industry peers of targeted plants. That is, plants that operate in an industry repeatedly targeted by hedge fund activists also experience a significant improvement in productivity even though they are not direct targets. Again, this spillover effect on industry peers is concentrated in relatively competitive industries. Fourth, we present evidence that one channel through which activists create value is by facilitating efficient reallocation of corporate assets. More specifically, prior to their sales, plants that are eventually sold exhibit lower productivity and profitability compared to plants in the control sample.
However, after the sale, the plants experience greater improvement in the hands of the new owners, suggesting that hedge funds facilitate the matching to new owners who can operate the underperforming plants more efficiently.
Overall, these results reveal that hedge fund activism leads to a significant improvement in the production efficiency and profitability for targeted firms, particularly in competitive industries. This evidence refutes the assertion that the effects of hedge fund activism are purely financial (such as extracting payouts to shareholders through leverage) as argued by some policy makers and popular press. Moreover, given that plant observations in our Census data are not subject to the attrition bias related to the public status of the parent firm (which is the case for firm observations in Compustat), our estimates of higher plant productivity for the targets of activism are more accurate than performance analyses based on the Compustat data. Furthermore, the positive externalities of activism on non-target industry peers indicate that estimates based on industry benchmarks are conservative.
Last, we link the significant announcement return for activism and the improvement in underlying plant productivity to the change in the target firms' systematic risk. In particular, building on recent economic theories linking firms' operating efficiency to their expected rates of return, we test for a "discount-rate channel" which posits that higher efficiency brought about by activism leads to a predictable decline in systemic risk and a positive abnormal return. The loading on the Fama-French HML ("value") factor of target stocks around the announcement of activism indeed exhibits an inverted "V"-shaped pattern, a mirror image of the pattern we find for the productivity of plants owned by the targets. Furthermore, consistent with our earlier findings regarding target plants' productivity, this change in the factor loading is significant in the competitive industries but not in concentrated industries. Taken together, our study identifies both a "cash-flow channel" (efficiency gains) and a "discount-rate channel"
(a decline in systematic risk) that account for positive abnormal returns at the announcement of activism.
We have thus far not discussed the effect of nonrandom selection of target firms by hedge funds on our estimation. Though we make an effort to control for observables such as plant age, size, and industry affiliation, some unobservable and omitted plant or firm characteristics may be correlated with both the decision to intervene and the targets' future performance. It may also be argued that activists are able to anticipate significant industry-level shocks to the structure of the product market and thus anticipate the implications of such changes on target firms. The observed improvement in target firm's performance post-intervention may therefore just reflect the consequences of these shocks independent of the presence of the activists.
We believe that these concerns are justified although it is important to emphasize that the growing literature on activism has shown that many of the changes associated with hedge fund activism are unlikely to have occurred absent activists' actions. First, certain changes in financial and governance polices (such as the significantly higher CEO turnover post-intervention documented by Brav et al. (2008a) ) tend to be the outcomes of confrontation and thus are unlikely to have occurred but for the commitment of activists. Second, previous work (e.g., Brav et al. (2008a) ) has established that activists tend to hold on to a concentrated equity stake in the target firm until the resolution of their goals, a holding period that averages close to two years. It is hard to argue that activists would willingly hold undiversified positions and be subject to costly engagements (Gantchev (2011) ) that typically evolve into shareholder proposals and proxy contests if these were not necessary means to achieve their goals. Third, openly hostile activism generates higher announcement returns than non-confrontational ones (Brav et al. (2008a) , which in turn generates higher return than the revelation of large passive stakes (Klein and Zur (2009) ). Hence, the market considers intervention necessary for value-enhancing changes.
Overall, we believe that a careful interpretation of the evidence in this paper should balance the view that activists are able to anticipate and act upon changes that may have occurred anyway with the view that activists create value for shareholders by effectively influencing the governance, financial and operating performance of target firms. At the very least, our results indicate that the positive returns to hedge fund activism should not be attributed to purely financial gains, but instead reflect anticipated improvement in the fundamental values of the targets.
The paper proceeds as follows. Section 2 presents the construction of the data and sample used in the analysis. In particular, we describe how we construct our measure of production efficiency and match the Census data to the hedge fund activism events data. Section 3 presents the main results of the paper on the real effect of activism on productivity of plants owned by the target firms. One focus of this section is the interactive effect of product market competition with corporate governance in the form of hedge fund activism. In Section 4 we document the extent to which hedge fund activists create value through efficient reallocation of target firms' assets by examining the dynamics of productivity of plants sold post-activism.
This section also examines the extent to which the estimate of the real effect of activism based on
Compustat is biased due to sample attrition from the database. Section 5 investigates the link between the onset of activism and subsequent change in plant productivity and the underlying systematic risk of target firms. We conclude in Section 6.
Data and Key Variables

Data sources and sample construction
Plant-level Data
We obtain data on manufacturing establishments (i.e., plants) from two types of databases maintained by the U.S. Census Bureau. The first data source includes the Census of Manufacturers (CMF) and the Annual Survey of Manufacturers (ASM) which provide plant-level information to compute our measures of productivity, profitability, and product market competition. The CMF covers all manufacturing plants in the U.S. with at least one employee for years ending '2' or '7' (the "Census years"), resulting in roughly 300,000 plants in each census. The ASM covers about 50,000 plants for the "non-Census years." Plants with more than 250 employees are always included in the ASM, while those with fewer employees are randomly sampled with the probability increasing in size. Both the CMF and ASM provide operating information at the plant level including total value of shipments, capital stock and investment, labor hours, and material and energy costs.
Compared to standard firm-level databases of public firms such as Compustat, the CMF and ASM have a few critical advantages for our analyses. First, since they cover plants owned by private firms as well as public firms, these databases allow us to track the performance of target firms even if they disappear from the database of public firms due to acquisitions or delistings. Since such events tend to occur more often among firms targeted by hedge fund activists this feature of the Census data helps us minimize the potential attrition bias in estimating the effect of activism (see Brav, Jiang, and Kim (2010) for a discussion of this issue). Second, accurate estimation of productivity as well as industry benchmarking requires a reasonable uniformity of production functions, a property that applies to plants well but not necessarily at the firm level. Thus, the CMF and ASM data allows us to identify the efficiency gain in the production process associated with activism as well as the effect of activism on a targeted industry, both of which are beyond the reach of analyses relying on databases of publicly traded companies such as Compustat.
The second data source is the Longitudinal Business Database (LBD) from which we obtain unique longitudinal identifiers for plants and information on ownership changes. The LBD tracks more than five million (both manufacturing and non-manufacturing) establishments every year, essentially covering the entire U.S. economy. The variables available in the database include the number of employees, annual payroll, industry classifications, geographical location, and ownership status.
We focus on manufacturing plant-year observations in the CMF and ASM from 1992 to 2007 (the last year of the data coverage), which is determined by the sample period of the hedge fund activism database (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) and the fact that we examine plant performance beginning two years prior to the intervention. We exclude 'miscellaneous manufacturing industries' (i.e., three-digit SIC=399) as this category does not represent a group of plants that share a common production function. We also require each plant observation to have variables necessary to estimate total factor productivity (TFP), including SIC codes, total value of shipments, production worker equivalent hours, beginning-year capital stock, and material and energy costs.
3 Appendix A provides details on the construction of these variables, including adjustments for changes in prices of inputs and outputs, and depreciation. This sample selection procedure yields 633,510 plant-years in our sample.
Hedge Fund Activism Data
The database of hedge fund activism events was collected by Brav, Jiang, and Kim (2010) and Li and Xu (2010) , covering the period of 1994-2007. 4 These events are identified mainly through Schedule 13D fillings to the SEC in which hedge funds disclose ownership exceeding 5% with intention to influence corporate control. We collect detailed information on key aspects of each event from the initial and amended 13D filings via the SEC's EDGAR system, supplemented by news searches. We refer the reader to Brav, Jiang, and Kim (2010) for additional details on the data collection.
The target firm-year pairs are then matched to (potentially multiple) plant-year observations in the Census data using a bridge file between a firm identifier in the Census files and a unique public firm identifier created by the Census Bureau staff. Panel A of year observations. This match rate is somewhat lower than those typically reported in previous research due to two factors. 5 First, more than 70% of the hedge fund activism targets in our sample are in nonmanufacturing sectors. Second, activism targets tend to be smaller than sample firms examined in previous research using the Census data (e.g., LBO and M&A targets). Indeed, the matching rate is much higher for the target firms in the manufacturing sector.
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[Insert Table 1 here.]
Panel B of Table 1 shows that both the full sample of events and those matched to the Census data are more concentrated in the 2000s compared to the 1990s, consistent with the rise of activist intervention as a viable investment strategy among hedge funds from the early 2000s (Brav et al., 2008a (Brav et al., , 2008b . Given that not all of the targets of hedge fund activists are matched to the Census files it is necessary to examine if the matched activism events are representative of the entire sample. 7 The comparison of the distribution of stated objectives and success rates (including partial successes) between the full sample and matched sample, reported in Table 1 Panel C, indicates that the matched events appear to be very similar to the full sample of events. For example, the success rate (i.e., the proportion of events in which hedge funds at least partially attained their stated goals) for the matched sample is 50%, almost identical to that for the full sample. Given the similarities between the full and matched sample of activism events the results in this study are likely to be generalizable to the larger universe of hedge fund activism events.
Key Variables
Productivity
Our main measure of plant performance is total factor productivity (TFP), which is defined as the difference between the actual and predicted output given inputs. In order to compute the predicted output for each plant, we follow the literature (e.g., Lichtenberg and Siegel (1990) , Lichtenberg (1992 ), Schoar (2002 , Bertrand and Mullainathan (2003) , and Giroud (2011)) and estimate a log-linear Cobb-Douglas production function using Ordinary Least Squares (OLS) regressions by three-digit SIC industry and year:
5 For example, Lichtenberg and Siegel (1990) report a matching rate of about 50% for their LBO target firms with the Census data. 6 Note that target firms classified as "non-manufacturing" based on the SIC code from Compustat might own manufacturing establishments, and thus could also be matched to the ASM and CMF data. 7 We are in the process of collecting detailed information on hedge fund activism events from 1994 to 2000. We therefore perform this "representative analysis" for events from 2001 to 2007 only. We plan to update the analysis to include the pre-2001 events in the next draft of this paper.
where α jt is industry-year specific intercept, Y ijt is output, K ijt is net capital stock, L ijt is labor input, M ijt represents material costs. ε ijt is the residual and the estimate of the TFP for plant i, in industry j in year t.
The coefficients in (1) carry (j,t) subscripts, which allows for factor intensities that are industry-year specific. In addition, given that TFP is the estimated residual of the industry-year specific regressions, we can interpret TFP of a given plant as a relative productivity rank of the plant within a given industry and year. Finally, we "standardize" the TFP measure from (1) by dividing it by its cross-sectional standard deviation for a given industry-year. Essentially, this adjustment accounts for differences in the precision of TFP estimates among industry-years (following the practice of Maksimovic, Phillips, and Yang (2010) ).
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Since one of our goals is to examine the effect of activism on industry peers of the target firms (see Section 3.2), we compute industry-level TFP by estimating a log-linear Cobb-Douglas production function using OLS regressions at the three-digit SIC level for each year:
This specification is very similar to that in equation (1), except that dependent and independent variables in the regression are aggregated at the industry level (indexed by j) as sums of plant-level variables.
Similar to in equation (1), we take the residual of the OLS regression (ε jt ) as our estimate of TFP for each industry-year pair.
As a complementary measure of performance, we also employ operating profit margin in our analysis, defined as total output minus material and labor costs divided by total output. More specifically, total output is total value of shipments plus the net increase in inventories (of both finished goods and work in progress), labor costs are total payroll, and material costs are costs of materials and parts plus energy costs, all adjusted for changes in prices. One advantage of this performance measure relative to TFP is that it does not rely on particular structural assumptions for production functions. In addition, it is comparable to the operating margin constructed using Compustat variables (except for the fact that our Census-based measure excludes overhead costs), allowing for a comparison of the results with those for the Compustat sample. Unless otherwise specified, all potentially unbounded variables are winsorized at the 1% tail.
Product Market Competition
Our main measure of the degree of product market competition is the Herfindahl-Hirschman Index (HHI). Specifically, we compute the HHI using the Census data as follows:
where HHI jt is the Herfindahl-Hirschman index for industry j in year t, and S 2 fjt is the squared market share of firm f in industry j in year t. Market shares are measured using total value of shipments aggregated at the firm level (i.e., sales), and industry is defined at the three-digit SIC level. In our robustness checks in Section 3.3, we also compute the HHI based on an alternative industry classification scheme.
While the HHI is well-articulated in the theory of industrial organization (see Tirole (1994) ) and widely used in the empirical literature, we use industry net profit margin (or the "Lerner Index") as an alternative measure of product market competition for robustness check. Following Domowitz et al. (1986) , the industry net profit margin for industry j in year t is computed as:
where TVS ijt is total value of shipments, inv ijt is the net change in inventories, wage ijt is total payroll (labor costs), and mat ijt is material costs for plant i in industry j in year t. Industry is defined at the threedigit SIC code level. dollars), which are larger than the respective values for the full sample. Moreover, the workers in the target plants are paid more in terms of average wage per worker and hourly wage for production workers.
Descriptive Statistics
In addition, the average firm in the target (full) sample operates seven (six) plants in its threedigit SIC segment and 18 plants within the firm across segments. These statistics on firm size are 9 Since the CMF covers a much larger number of firms compared to that in a typical ASM sample, the HHI computed using the CMF tends to be significantly smaller than that using the ASM. We therefore compute the HHI using the ASM data only (rather than both the ASM and CMF data) and impute the previous year's value of the HHI for the "Census years" for the consistency of the measure over years. Our results are robust qualitatively if we construct the HHI using the CMF instead, and impute the latest Census year's value of the HHI for the non-Census years.
generally larger than those reported in previous research using the CMF and ASM databases (e.g., Schoar (2002) , Giroud (2011)), which is not surprising given that our sample period begins in 1991 while those of previous research usually begin in an earlier year (e.g., 1977).
[Insert Table 2 here.]
Since our main measure of production efficiency, standardized TFP, is constructed as the residual of a production function regression scaled by its standard deviation, it has a mean of zero and a standard deviation close to 1.00 by construction for the full sample (due to the winsorization at 1% tails the standard deviation is slightly less than 1.00). In comparison, target plants have a positive mean TFP indicating that they are more productive than the average plant in the full sample. Similarly, target plants show a higher profit margin than the full sample of plants, on average. Finally, the HHI computed using all plant observations in the ASM database with a positive value of shipments has a mean of 0.04 and a standard deviation of 0.04. Notably, the mean industry HHI for target plants is larger than that for the full sample (0.052 vs. 0.040) indicating that hedge fund activists are more likely to target firms operating in concentrated industries. The mean HHI for our sample is much smaller than a commonly reported mean HHI of around 0.15 based on Compustat data because the Census data covers a wider range of firms including both private and public firms compared to Compustat which covers public firms only. In this sense, our measure of product market competition (HHI) based on the Census data is likely to be more accurate.
[Insert Table 3 here.] Table 3 provides descriptive statistics for firms targeted by activists that are matched to the Census plant-level data as well as all target firms for the 1994-2007 period. First, Census-matched target firms are similar to all target firms in terms of size (measured by market equity and book assets) and leverage. However, targets matched with the Census data tend to hold less cash, pay more dividends, have lower valuation ratios (i.e., q), lower sales growth rates, spend less on R&D, and are more profitable than the full sample of activism target firms. These characteristics suggest that firms that are matched to the Census databases generally have worse growth opportunities but enjoy better cash flows. In addition, we note that these differences in firm characteristics should reflect the difference in industry composition between the two samples: A great majority of the Census-matched firms are concentrated in the manufacturing sector whereas less than 30% of all targets are in the sector.
Hedge Fund Activism, Productivity, and Product Market Competition
Plant and Firm Level Analyses
As a first step, we examine the impact of hedge fund activism on target firms' productivity and profitability at the plant level. Our main dependent variable is plant-level total factor productivity (TFP) computed as the estimated residual of a log-linear Cobb-Douglas production function regression at the SIC three-digit industry-year level as in equation (1). 10 Our TFP measure can be understood as the relative productivity rank of a plant within its industry-year. Moreover, by construction, the TFP of an industry in a given year, averaged over all plants, is zero. The second dependent variable is plant-level operating profit margin, defined as total output minus material and labor costs scaled by total output. The resulting regression specification is as follows:
The key independent variables in equation (5) analyzes the dynamics of performance of plants that remain in the hands of the target companies before and after hedge fund targeting. Section 4 will separately examine the effects of ownership changes on productivity.
Control variables include segment and firm size, measured by the log number of plants in a given industry segment of a given firm and the log number of all plants of a given firm, respectively. Plant age is defined as the number of years since a plant's first appearance in the CMF or ASM database. The starting year is censored in 1972 when the coverage of Census databases begins. 11 This set of control variables is standard among research that analyzes plant-level performance using the CMF and ASM data (e.g., Schoar (2002) , Giroud (2011)). Finally the estimation takes into account industry and year fixed effects ( j  and t  ).
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10 While this specification is a standard in the literature (see e.g., Lichtenberg and Siegel (1990) , Lichtenberg (1992) , Schoar (2002) , Bertrand and Mullainathan (2003) , Giroud (2011)), we also examine the robustness of our main results to an alternative specification (i.e., a translog functional form) in Section 3.3. 11 The CMF database is also available in 1963 and 1967, but the ASM is not available in the "non-Census years" between 1964 and 1972. Hence, it is possible to track each plant continuously only from 1972 and onwards.
12 Industry fixed effects are excluded when the dependent variable is TFP given that the computation of TFP already accounts for industry fixed effects. Table 4 reports regression results at the plant-year level (columns 1 and 2) as well as at the firm level (columns 3 and 4). In columns 3 and 4, plant-level TFP is aggregated to the firm level using beginning-year capital stock as a weight and the number of plants per segment is the average across segments for a given firm. All four specifications in the table demonstrate a "V"-shaped dynamics of performance for plants owned by firms targeted by activists. That is, the productivity and profit margin of targets of hedge fund activism experience a deterioration prior to targeting and then rebound steadily afterwards. In particular, column 1 shows that the improvement in productivity from the year of targeting to two years afterwards is statistically significant at the 10% level. Column 2 shows that changes in operating margin are not significant at a conventional level. Firm-level changes in columns 3 and 4 are qualitatively similar to the plant-level changes, although the statistical significance is generally weaker for the firm-level results. The economic magnitude of the improvement in plant-level TFP due to activism is sizeable: a typical target plant experiences an increase in TFP of 0.056 from year t to year t+2, which amounts to 6.3% of the standard deviation (0.90). This pattern echoes the findings in Brav et al. (2008a) of improved performance at target firms after the intervention based on return on assets and profit margin as dependent variables.
[Insert Table 4 here.]
In addition, the positive coefficients on the targeting dummies suggest that plants owned by target firms are generally more productive and profitable than their industry-size-age matched peers, consistent with Brav et al.'s (2008a) finding that hedge funds tend to target mature firms with relatively strong cash flows but may be subject to agency problems of free cash flows. These firms experience deterioration due to bad governance or mismanagement such as poor adaptation to market changes. The deterioration triggers activist targeting, and is more or less reversed within the two-year period post targeting. The dynamics of plant-level productivity is hard evidence for changes in the fundamental value of firms associated with hedge fund targeting. In addition, it refutes the assertion that the positive returns to hedge fund activism can be attributed solely to financial gains (such as extracting payouts to shareholders through leverage).
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A growing body of recent work highlights the interactive effects of product market competition and corporate governance. Bauer, Braun, and Viehs (2010) show that lack of industry competition in combination with managerial entrenchment increases the likelihood of activist shareholder proposals.
Kadyrzhanova and Rhodes-Kropf's (2010) theoretical model concludes that industry concentration affects the trade-offs of governance for shareholders. Giroud and Mueller (2010, 2011) show that anti-takeover laws have a more negative impact on shareholder value in non-competitive industries; and relatedly, firms in noncompetitive industries benefit more from good governance as measured by the Gompers, Ishii, and
Metrick (2003) governance index.
The body of work reviewed above has not uncovered the relation between product market competition and governance in the form of hedge fund activism. To this end, we extend the analysis in Table 4 to incorporate the interactive effects of product market competition, proxied by the HerfindahlHirschman Index (HHI) of output value computed at the SIC three-digit level as described in equation (3).
Results are reported in Table 5 where the interactive terms d[t+k] × HHI, -2 ≤ k ≤ 2 are added to the baseline regression.
[Insert Table 5 here.]
The key message of Table 5 One natural question that arises from this result is: Why do hedge fund activists target firms in non-competitive industries given that the effect of activism on productivity appears to generate insignificant efficiency gains? In fact, and perhaps surprisingly, we find that hedge funds are slightly more likely to target less competitive industries using Compustat as well as Census data (see also Giroud and Mueller (2011) for similar evidence). One possible explanation for this result is that hedge fund activists create value in different ways in competitive versus concentrated industries. In particular, Raith's (2003) theoretical model shows that the benefit of improved efficiency (due to better governance or incentives) is higher in competitive industries in which the firm-level demand function is relatively elastic, and thus a marginal improvement in efficiency leads to a large increase in output and profits ("business stealing effect"). Therefore, activists might want to focus on improving productivity in competitive industries. In concentrated industries, however, the benefit of productivity gains is not as large due to relatively inelastic demand curves, and so activist hedge funds could instead focus on allocational, financial and governance-related improvements.
Consistent with this hypothesis, we find that hedge fund activism leads to a larger increase in dividend payout, CEO turnover rates, and leverage ratios in concentrated industries compared to competitive industries using the Compustat data (unreported). This evidence supports the view that in concentrated industries, activists optimally focus on aspects of target firms other than production efficiency, such as capital structure and corporate governance.
Our results offer a different perspective on Giroud and Mueller (2010) who find that the passage of business combination laws (which delay takeovers) led to a larger drop in the operating performance of firms in non-competitive industries. While Giroud and Mueller (2010) support substitutability between competition and takeover pressure in mitigating managerial slack, we uncover a complementary effect between product market competition and governance in the form of hedge fund activism. It is worth noting that the theory in this context is ambiguous. While competition requires high effort to avert failure (Schmidt (1997) ) and leads to strong managerial incentives because outcomes are more informative (Hart (2003)), it also reduces profits which makes effort less attractive (Schmidt (1997) and Raith (2003) ).
Therefore, this relation is ultimately an empirical question. Our results indicate that efficiency gains due to good governance and incentives are more beneficial in more competitive industries, suggesting that the "business stealing effect" as in Raith (2003) dominates.
Our findings also highlight the difference between control driven (e.g. takeovers) and non-control driven (e.g. activism) forms of market-based governance, especially in their interaction with product market competition. In fact, the role of takeover defenses (which underlie common governance measures)
is quite different in the context of hedge fund activism. While they are meant to deter takeovers, firms with more of these defenses stand a higher chance of being targeted by hedge fund activists (Brav, Jiang, and Kim (2010) ).
The Industry Impact of Hedge Fund Activism
The previous section illustrates the differential effects of hedge fund activism on target firms sorted by the competitiveness of the industries that the target firms' plants belong to. The analysis invariably benchmarks event firms against their industry peers in order to filter out the common shocks to an industry. However, to the extent that the hedge funds' impact spills over to the rest of the industry, the effect on the target firms that we find above might be under-(or over-) estimated if the spillover effect on non-target industry peers is positive (or negative), on average.
We therefore attempt to estimate the association between hedge fund activism and changes in industry-level productivity and profit margin, excluding the targets themselves, using the following regression specification: 
In equation (6), the unit of observation is the three-digit SIC industry (j) -year (t) pair, where plants belonging to firms targeted by activists in each year are excluded from their industry portfolios.
For each activism industry-year, we track the changes in performance (productivity or profit margin) of the industry (excluding target companies) that the targets belong to from one year before to two years after the targeting. The resulting
is the dependent variable.
The independent variable of interest is
TargetShare , a proxy for the intensity of hedge fund targeting in a given industry and year, defined as the market share (measured by sales in dollars) of companies targeted in year t in industry j. Conditional on targeting, the market share of targeted companies in an average industry-year is 2.29%, with a standard deviation of 4.73%. The unconditional (i.e., including industries with no hedge fund activist presence) mean is 0.25%.
Following the discussion in Section 3.1, we further interact , j t TargetShare with HHI, the industry Herfindahl-Hirschman index of sales, to explore the effect of product market competition. The control variables that we include which are common practice in the literature (Schoar (2002 ), Giroud (2011 ) are the average segment and firm sizes (measured by the log mean numbers of plants per segment and firm, respectively), and the average plant age. The exact specification of the control variables is not crucial since they are mostly insignificant in the regression. Finally, j  and t  are industry and year fixed effects, respectively. Results are reported in Table 6 .
[Insert Table 6 here.]
Columns 1 and 3 show a negligible effect of
TargetShare on the performance of non-target industry peers. That is, the presence of hedge fund activists in a given industry has no significant impact on the non-targeted companies unconditionally. However, interacting the market share of targeted companies with the product market competition yields a negative cross-sectional effect, which is significant at the 5% (10%) level using productivity (operating margin) as the dependent variable (tabulated in columns 2 and 4). This result indicates that the effect of hedge fund activism on non-targets in the same industry increases with the degree of product market competition. For example, the spillover effect increases more than two-fold when we move from the typical industry (0.509 = 1.238 -18.232 × 0.04, at the mean of HHI) to an industry that is one standard deviation (0.04) more competitive than the mean industry (1.238 = 1.238 -18.232 × (0.04-0.04)).
Relatedly, the coefficient on
TargetShare is significantly positive in the productivity regression in the presence of its interaction with the HHI, revealing a positive spillover effect of hedge fund targeting on non-targets among the most competitive industries (where HHI is close to zero). This result echoes the previous result that supports a complementary relation between product market competition and governance in the form of hedge fund activism. The analogous effect on the operating margin turns out to be insignificant (albeit of the same sign), possibly reflecting the difficulty to improve operating margin for a whole industry that is highly competitive. In addition, the direct effect of HHI is significantly negative both in columns 2 and 4, consistent with the common understanding that competition promotes performance growth (see Nickell (1996) and references therein).
The results in Table 6 offer some new insights into those of Table 5 , and into event studies of hedge fund activism based on industry benchmarks in general. To the extent that activism exerts disciplinary effects on untargeted peer firms in competitive industries, the overall impact on the targeted firms is larger than the estimated improvements benchmarked to their counterparts in the same industry.
Our results also corroborate the study by Fos (2011) Trian Fund Management to jettison underperforming brands and focus on better assets. Following these developments several other fast-food companies openly announced that they were seeking to reposition themselves. Notably Yum Brands Inc. sought to spin off its Long John Silver's and A&W All-American Food Restaurants in order to focus on Pizza Hut, Taco Bell and KFC. Non-targets took such actions not only to preempt future attacks by activists, but also to compete with targets which were now presumably leaner and stronger (i.e., more efficient).
In light of the results in Table 6 , we should therefore view the estimates reported in Table 5 for the productivity gain of targeted companies in the most competitive industries as being conservative.
Robustness Checks
In this section, we examine the robustness of the baseline results demonstrating the impact of hedge fund activism on the productivity of plants owned by target firms as well as their non-target industry peers. First, we examine the robustness to an alternative specification of a production function to estimate TFP. In particular, we estimate the production function using a translog functional form that allows second-order terms of inputs including interactions between them. This specification is a generalization of the Cobb-Douglas production functional form used in our baseline model in equation (1) and a second-order approximation to any arbitrary production function (Maksimovic et al., (2010) 
where α jt is industry-year specific intercept, Y ijt is output, K ijt is net capital stock, L ijt is labor input, M ijt represents material costs, and ε ijt is the residual, and hence our estimate of TFP for plant i, in industry j in year t.
[Insert Table 7 here.]
Panel A of Table 7 shows the estimation results. The basic patterns that emerge from this panel are very similar to those from our baseline results in Tables 4 and 5 . The productivity of target plants shows a "V"-shaped pattern around the year of hedge fund intervention, and this effect is more pronounced for more competitive industries. In particular, the increase in TFP from years t to t+2 is statistically significant at the 10% level in column 1. In addition, the economic magnitude of these results is comparable to that in Tables 4 and 5 .
Next, in Panel B we employ alternative measures of product market competition, in addition to the HHI for the three-digit SIC industry used in our main analysis. Specifically, we use a dummy for concentrated industries which is equal to one if an industry has an HHI within the largest quartile and zero otherwise (column 1), the HHI computed at the Fama-French 48 industry level (column 2), and industrylevel net profit margin (column 3). The results across all specifications confirm our main results though the overall significance is lower.
Capital Reallocation and Attrition Analyses
Identifying Gains Due to Reallocation of Assets: Compustat versus the Census Data
To the extent that hedge fund activists help enhance production efficiency of the targeted firms (and industries), an equally important question is whether such improvements are accomplished through improving the efficiency of assets in place or through capital reallocation. In fact, efficient redeployment of capital is a commonly stated goal of activist hedge funds. In addition to the events in which hedge funds explicitly demand sales of the entire target company (about 20% of the events), in another 15% of the events the activists push for the divestiture of under-performing or non-core assets in order to strengthen and refocus on the companies' core lines of business. Anecdotal evidence (such as the one referenced in Section 3.2) also points to capital reallocation as an important mechanism for the value added by the activist hedge funds.
Prior literature has offered some indirect evidence for the extent of the gain from capital reallocation. Brav et al. (2008a) and Greenwood and Schor (2009) show that announcement returns of hedge fund activism are largest among events in which the stated goal is to push the sale of the targets. First, performance measures computed using Compustat firm-level data do not isolate organic improvement (i.e., productivity gains of existing assets) from re-allocational gains (i.e., due to acquisition/disposition of better/worse performing assets). The Census data, which is recorded at the plant level and hence survives ownership changes and firm delisting, allows us to separate the two effects.
Indeed, we are able to show that plants that change ownership post targeting (i.e., are spun off) performed worse than their industry peers one year prior to their sale, suggesting that hedge funds are effective at facilitating the divestiture of underperforming assets.
Second, a Compustat firm will drop out of the database if it is acquired by another company (public or private), or is delisted (i.e., going private). Brav, Jiang, and Kim (2010) document a nonrandom distribution of target firms' attrition from the Compustat database: Within two years after being targeted by hedge funds, 18.6% of the targets cease to be covered by Compustat (a proxy for delisting), a rate that almost doubles the average attrition rate of typical Compustat firm. Therefore, addressing the potential delisting bias is challenging, particularly given that the direction and magnitude of the bias is a priori unclear.
Firm delisting is usually associated with negative reasons (Shumway (1997) ). Accordingly, analyses based on the surviving sample tend to carry a positive bias. However, such an intuition might not apply to the hedge fund activism target firms because attrition from the sample may actually represent a successful outcome for the following reasons. First, targeted companies tend to have stronger fundamentals (higher productivity, ROA, and liquidity, as shown by Brav et al. (2008a) and Table 4 of this paper), and hence the subsequent attrition is less likely due to distress compared to firms delisted without the intervention of hedge fund activists. Moreover, the "sale of the company" objective category experiences the highest attrition rate (31.0%), where the ex post sale of a target firm reflects a successful execution of the stated goal of the hedge fund. In fact, using analyst coverage and trading liquidity as instruments, Brav, Jiang, and Kim (2010) uncover a negative survivorship bias due to delisting from
Compustat. That is, firms that will experience greater improvement in performance post intervention are also more likely to disappear from the Compustat database conditional on observable characteristics.
The Census data allows us to pin down the direction and magnitude of the attrition bias by following targeted plants regardless of the listing status of the firms they are affiliated with. The analyses that follow provide direct evidence consistent with a negative survivorship bias. That is, plants belonging to firms that were delisted from Compustat post targeting experience greater productivity gains than those that remain in the database.
Ownership Change of Plants
By focusing on plants that belong to targeted companies prior to activism but were later spun off, we attempt to identify gains in efficiency via asset redeployment facilitated by the activists. In Table 8 Panel A, we re-run the regression presented in equation (5) In contrast, the analysis in Table 4 requires the ownership of the plant by the target company in each of the years for the corresponding plant-year event dummy to be coded as one.
[Insert Table 8 here.]
It is apparent from Panel A that the post-targeting performance change for these broadly defined event plants is worse than those reported in Table 4 for plants owned by target firms in each year from t-2 to t+2. Specifically, plants owned by targeted firms in the year of activism show a deterioration in performance (measured by both TFP and operating margin) until one year after the intervention (i.e., t+1).
The negative change from t-1 to t+1 is statistically significant at the 5% level for TFP. The difference between the results in Table 4 and Table 8 Panel A is due to plants that were owned by the target companies in the year of targeting but then sold over the subsequent two years. Thus, this contrast in results suggests that worse-performing plants were more likely to be sold after hedge fund intervention.
However, to make the efficiency gain argument in favor of hedge fund intervention, one must also observe an improvement in the performance of sold plants in the hands of new owners. To this end, we re-run the regression in equation (5) but redefine an event as the sale of a plant by a firm that was targeted by hedge fund activists in the year of activism or within two subsequent years (i.e., from t to t+2).
Usually an event of plant sale in this specification lags the corresponding event of hedge fund targeting by two years. 
Delisting from Compustat
Our Census sample includes plants belonging to 305 companies that were targeted by hedge funds between 1994 and 2007. Within this sample, 91 companies disappear from Compustat within two years after being targeted because they were sold, taken private, or liquidated. Among this sample of attrition firms which posts challenges on any analyses using the Compustat data, we are able to follow 191 plants owned by 53 firms that delisted from Compustat post-targeting. These additional observations from the Census data allow us to assess the sign as well as the magnitude of the attrition bias associated with using the Compustat data.
[Insert Table 9 here.]
In level. The economic magnitude of this change is significant compared to that for the non-attrition targets:
The improvements in TFP and profit margin are four to five times larger for the attrition target plants than those for the non-attrition targets (e.g., the change in TFP from t to t+2 is 0.169 vs. 0.036).
The combination of the two tests in Table 9 for performance changes suggests an unusual negative survivorship bias. That is, restricting the measurement of performance to the sample of surviving firms in Compustat tends to underestimate the change in performance of target firms. This result is consistent with the analysis of non-random attrition of hedge fund activism targets in Brav, Jiang and Kim Needless to say, the Census data have their own attrition issues. About 35% of the plants that appear in our sample before hedge fund targeting disappear afterwards. There are two reasons for the attrition. First, "small" plants (with fewer than 250 employees) are not sampled every year in the ASM (but, all operating plants are sampled in the CMF for the years ending '2' and '7') so that they might disappear from the sample (possibly temporarily), but in fact could still operate. This attrition bias is purely due to random sampling and therefore should not bias results in either direction. Second, the plants that are liquidated drop out of the sample simply because they cease to exist. The two-year attrition rate for target plants is 16%, while it is 27% for all other plants in the sample (i.e., control plants). This finding is consistent with the result in Section 3.2 that target plants tend to be larger, older, and more productive than the full sample of plants.
Efficiency and Time Varying Systematic Risk Around Hedge Fund Activism
The announcement of hedge fund activism, which is typically observed at the time hedge funds file a Schedule 13D with the SEC, leads to a large positive price reaction of approximately 6% (Brav et al. (2008) , Klein and Zur (2009), Clifford (2008) and Greenwood and Schor (2009) ). This revision in beliefs is consistent with the idea that market participants anticipate that intervention will benefit the target firm's shareholders. This benefit, however, can accrue through two channels. The first -the "cash flow channel" -links the activist's stated goals to the firm's operating performance. The combined evidence from earlier work based on changes in operating profitability (Becht et al. (2009 ), Brav et al. (2008 , Boyson and Mooradian (2007) and Clifford (2008)), and the more detailed plant-level analysis in the preceding sections, is consistent with the market's positive reaction to the intervention.
14 In this section we consider the possibility that the positive price reaction at the time the market learns of a new activist intervention reflects anticipated changes in future discount rates -a "discount rate channel." Specifically, we ask whether the activist's intervention is also associated with a decline in target firms' systematic risk in the post-intervention period. Here we lean on the idea that changes in firm investment decisions are linked to time-variation in expected rates of returns (Carlson, Fisher, and Giammarino (2004) , Zhang (2005) , Li, Livdan and Zhang (2009)). For example, Novy-Marx (2011) argues that the return premia earned by "value" firms relative to "growth" firms is driven by the former's relative inefficiency as low margin producers and thus their higher sensitivity to negative economic shocks. To the extent that activists' intervention leads to improved margins at underperforming target firms, we should observe a decline in expected rates of return post-event. Similarly, Imrohoroglu and Tuzel (2011) find that the annual return spread between high and low productivity firms is 6.3%. They conclude that low productivity firms that tend to be small value firms (as our target firms) with low asset growth and profitability, are riskier and thus command a risk premium. They propose a mechanism whereby low productivity firms bear higher costs relative to high productivity firms due to their inability to quickly adjust to negative aggregate shocks and thus have a lower valuation and higher expected return.
Since the evidence that we have presented in section 3 is consistent with an increase in firm productivity post-activism the prediction from Imrohoroglu and Tuzel's (2011) framework is that expected returns should decline post-activism. This is indeed what we observe below.
The analysis in section 3.1 also shows that changes in firm efficiency occur predominantly in competitive industries. Interestingly, Imrohoroglu and Tuzel's (2011)) findings are much stronger in low concentration industries as well; in fact, their main result turns insignificant in high concentration 14 An alternative "cashflow" channel by which shareholders might benefit from activists' actions is the potential wealth transfer from other stakeholders. Brav et al. (2008a) examine two important groups of stakeholders: creditors and senior management represented by the CEOs. They find little evidence to support the view that shareholders of the target company gain at the expense of the creditors by increasing leverage and lowering the debt rating. Aslan and Maraachlian (2009) reach a similar conclusion. Brav et al. (2008a) do find support for the view that some of the positive price reaction may be driven by changes in governance that lead to better monitoring of senior management. They find that activists are successful in forcing out entrenched CEOs, reduce the pay of the ones that stay, and alter their compensation to have higher pay-for performance sensitivity.
industries. 15 We therefore ask in the second part of this section whether the documented changes in systematic risk are indeed concentrated in competitive industries.
Changes in systematic risk
The empirical setup underlying our tests of the hypothesis that systematic risk declines in the post-activism period is based on changes in factor loadings estimated from calendar-time portfolio regressions around the Schedule 13D filing month. We employ the full sample of 1,141 activism events over the period 2001-2007 and form four portfolios as follows. The first portfolio is formed by buying all firms that will be targeted by a hedge fund in three-year's time and hold these target firm shares until one year prior to the activism. This portfolio is labeled as (-36, -13) in Table 10 .
[Insert Table 10 here.]
A second portfolio, labeled (-12, -1), is formed by buying all firms that will be targeted by hedge funds in one year's time and these target shares are held for eleven months up to one month prior to the targeting.
The remaining two portfolios, (+1,+12) and (+13,+36) are formed similarly. For example, the portfolio with holding period (+1,+12) continually adds target firms that have had an activist event in the preceding month and holds these firms through a year after their respective activism events. For each of these four portfolios we estimate a regression of the portfolio excess returns on the Fama-French RMRF, SMB, and HML factors and the momentum factor, MOM. 16 We then focus on changes in the slopes on the risk factors and, in particular, the factor loading on HML, as evidence for possible changes in systematic risk.
Clearly, all portfolios in the pre-event windows do not represent a tradable strategy. They are presented for an ex post analysis of the stock return patterns of target companies in the pre-targeting period. We present results in Panel A of Table 10 using four-factor models with equal and value-weighting of firms'
returns. "Alpha" is the estimate of the regression intercept. "Beta" is the factor loading on the market excess return (the Fama and French RMRF). "SMB," "HML," and "MOM" are the estimates of factor loading on the Fama-French size and book-to-market factors, and the Carhart momentum factor, respectively. "R2" is the adjusted R2 from the regressions and "N" is the number of monthly observations.
We set a minimum of ten firms per month for all portfolios.
Several key patterns emerge from the estimates reported in panel A. First, the positive factor loadings on both SMB and HML indicate that targeted companies commove with small value firms, consistent with their characteristics (Brav et al. (2008a) ). Second, targeted firms underperform in the preevent period. The negative alphas are large and significantly negative when we value-weight during the entire three-year period preceding the intervention. We observe lower magnitude of underperformance when we equal weight and only in the year preceding the activism. Importantly, there is no abnormal return drift in the three-year post-event period (Schedule 13D filing or the first announcement of activism for non-13D events) consistent with an unbiased market reaction to the announcement of hedge fund activism.
Third, the portfolios' market beta and slopes on both SMB and MOM show little systematic variation moving from left to right across the four portfolio specifications. However, the factor loadings on HML show a clear "inverted-U" pattern. In the value-weight regressions the factor loading on HML for portfolio (-36, -13 Hence, a decline in slopes of roughly 0.3-0.4 translates into a decrease of 1.5% -2% in the target firm expected annual rate of return -clearly, a large enough change that could drive some of the event-day price reactions.
The preceding evidence is consistent with the idea that target firms turn more "value" prior to being targeted and by the time activists choose to intervene their sensitivity to the systematic variation in HML is close to its peak. This sensitivity then declines over the ensuing three years post-activism.
However, it may very well be the case that these changes reflect the evolution of systematic risk that is shared by other non-target firms and thus perhaps is driven by non-activism related economic forces. To examine this possibility we next present in panel B tests that are designed to compare the dynamics of the HML slopes of targeted and non-targeted matched samples. We form two matched benchmark portfolios.
The first is an industry benchmark formed by matching each target firm to one of the corresponding Fama and French 48 value-weight industry portfolios. The second is an industry, size, and book-to-marketbased benchmark portfolio.
Consider first the Fama-French industry benchmark. To test whether the evolution of the factor loadings on HML mimic those of the corresponding industry we proceed as follows. For each of the four time frames considered earlier, (-36, -13), (-12, -1), (+1,+12) and (+13,+36), we form a zero-cost portfolio that is long in target firms and short in the industry benchmark portfolio. The long side of each of the zero-cost portfolios is just a portfolio that was used earlier in panel A. The short side is formed by first matching each target firm to one of the corresponding Fama and French 48 value-weight industry portfolios and then either equal-or value-weighting the benchmark industry returns. We test for differences in factor exposures between target firms and their respective industries by asking whether the estimates of the portfolios' factor loadings are significantly different from zero.
The evidence in panel B highlights several differences that are worth noting. First, target firms underperform relative to their industry in the period preceding the activism and as in panel A the underperformance is stronger in the value weight regressions. Second, target firms have a much higher exposure to SMB for all four portfolios. This is of course not surprising given that targets are typically small firms whereas our benchmark is a value-weight industry portfolio. We control for size differences with the characteristic-based benchmark below. Third, an examination of the slopes on HML shows that the inverted-U shape pattern observed in panel A is not driven by industry-wide effects. In the valueweight specification the factor loading is 0.114 and insignificant in the period (-36, -13) Since the industry-wide benchmark does not control for firm specific characteristics that may better capture the time-variation in factor loading, we next proceed in panel C and form zero-cost portfolios that are long in target firms and short in an industry and characteristic-based benchmark portfolio. The benchmark is formed by first matching each target firm with non-target replacement firms with the same 3-digit SIC code. We retain firms whose market capitalization is within 50%−150% of the target firm's market capitalization. Next, we further narrow down the list of benchmark firms to those whose book-to-market ratio within 75%−125% of the target firm's book-to-market ratio, measured in the year preceding the hedge fund activism. The last step is to value weight the remaining benchmark firms.
As in panel B we form both equal-and value-weight zero-cost portfolios that are long in the target firms and short in the matched non-target firm returns. Panel C provides the calendar-time regression results.
As before, we observe that target firms underperform relative to their benchmark in the pre-event period in the value-weight specification. The equal-weight regressions show little evidence of underperformance. In addition, the matching by market capitalization now generates no significant differences in loadings on SMB throughout the four periods we examine in both equal-and value-weight specifications. More notably, although we control for book-to-market, we can still observe how target firms' slope on HML is significantly higher than the matched firms in the years before and after the targeting. This evidence suggests that target firms' reversion in sensitivity to the information captured by HML contains a component that is not shared by other non-targets. This difference turns insignificant by the second and third year post-activism.
Risk changes conditioned on the degree of product market competition
The results in Section 3.1 show that changes in firm efficiency occur predominantly in competitive industries. We now ask whether a matching industry pattern could be observed in the changes in target firms' systematic risk.
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The estimation strategy mimics that in Table 10 . However, we now also condition on the degree of competitiveness of the target firm's industry using its Herfindahl-Hirschman Index ("HHI"). The HHI index is formed as in the previous analysis at the 3-digit SIC level. Table 11 Table 10 . We set a minimum of ten firms per month for all portfolios.
Several key results on factor loading are worth noting. In the zero-cost regressions in which we go long in target firms and short the benchmark portfolio, the slopes on the market portfolio, SMB and MOM are economically small with no discernible pattern across the four time-periods both for competitive and non-competitive industries. However, it can be seen that the inverted-U shape pattern on HML in these regressions is economically large and significant only when we consider the competitive industries in panel A. In the value weight regressions the zero-cost HML slope peaks at 0.526 in the year leading up to the activism and in the equal-weight specification the slope peaks at 0.478 in the first year 17 Most theoretical work linking optimal firm investment and risk dynamics does not condition on the extent of industry concentration. An exception is Aguerrevere (2009) . In his model, when demand is low, firms in more competitive industries earn higher returns since their assets in place are riskier than their growth options whereas when demand is high firms in more concentrated industries earn higher returns since their growth options are riskier.
post-activism, a pattern similar to that observed in the preceding table. The reversion in HML slopes is hard to detect when we look at targets compared to their benchmark firms in non-competitive industries.
The value-weight specification yields HML slopes that are all economically very small while in the equalweight regression we do see some degree of mean-reversion although all slopes on HML are insignificant.
We conclude from this analysis that activism in competitive industries is fundamentally different than that in more concentrated industries as it is associated with both higher target firm efficiency and a decline in expected rate of return in the post-event period.
Conclusions
Using plant-level observations from the U.S. Census Bureau we show that hedge fund intervention is associated with both productivity and profitability gains at the plants of the targeted companies and that this effect is stronger in more competitive industries. This outperformance is notable since we find that benchmark plants, those managed by non-targeted peers in the competitive industries, share some of this improvement as well. We also measure the performance of plants that were sold subsequent to the intervention and find that they were among the worst performing at the time of divesture but later experience a substantial improvement in the hands of new owners relative to a matched sample. These results support the view that hedge fund activists facilitate improvements in terms of both production efficiency and capital re-allocation.
We also show how the use of Compustat data to measure the performance of targeted firms is likely to lead to a downward bias in estimates of performance since target firms that experience greater improvement in performance post-intervention are also more likely to disappear from the Compustat database. Finally, we link the real effects to the target firms' expected return by empirically testing whether the positive price reaction at the time of the announcement of activism reflects an anticipated decline in future discount rates, building on the idea that the target firm's higher efficiency implies a decline in its sensitivity to negative economic shocks and thus lower systemic risk. Consistent with this view we find that target firms' sensitivity to HML-related factor risk peaks around the time of intervention and then declines predictably to that of matched control firms. This mean reversion is, again, mostly concentrated in competitive industries. Overall, the evidence provided in the paper highlights the real and fundamental effects brought about by hedge fund activists to their target firms as well as their industry peers.
Appendix A -Construction of Variables to Estimate Production Function
This appendix describes the construction of variables required to estimate the production function described in Section 2.2 using variables in the CMF and ASM databases. Output is computed as the sum of total value of shipments (TVS) and the net increase in inventories of finished goods and works in progress. To account for industry-level changes in output price, we deflate output using the four-digit SIC level output price deflator from the NBER-CES manufacturing database constructed by Bartelsman, Becker, and Gray (2000) .
Capital stock is constructed using a recursive perpetual inventory formula (Lichtenberg (1992) , Kovneck and Phillips (1997) ). First, we obtain the initial value of nominal capital stock for each plant when the plant is born (identified using the LBD) or first appears in the CMF or ASM. Second, we translate this initial historical value of gross capital stock into a constant value of net capital stock using a NAICS-based industry-level capital stock deflator from the Bureau of Economic Analysis (BEA). Third, we account for changes in the price of capital by deflating the computed real, net capital stock using the four-digit SIC level investment deflator from the NBER-CES manufacturing database. Fourth, beginning with the constructed initial net capital stock in constant dollars for each plant, we accumulate capital stock going forward using the following recursive formula:
where K it is net capital stock, δ it is a two-digit SIC level depreciation rate from the BEA, and I it is investment for plant i in year t. The measure of investment is deflated using the four-digit SIC level investment deflator from the NBER-CES manufacturing database. Before 1997, variables for investment were available separately for equipment and structure, and we thus construct capital stock separately for each category and then sum the two capital stock measures to obtain total capital stock. After 1997, only variables for total capital are available, and so we only construct total capital stock.
We use "production-worker equivalent hours" as our measure of labor input. Specifically, labor input is constructed as the total production worker hours times total wage bills divided by wage bills for production workers. The underlying assumption to construct this measure of labor hour is that the perhour wage rates for production and non-production workers are similar. Lastly, material costs are computed as the costs of materials and parts plus the costs of fuel and electricity. Percentages sum up to more than 100% since one event can have multiple objectives (However, the first category and the other four categories are mutually exclusive.) An event is classified as successful if the hedge fund achieves its main stated goal and a partial success if the hedge fund and the company reach some settlement through negotiation that partially meets the fund's original goal. This table presents descriptive statistics on the plant-year observations targeted by activists (column "Targets") and all plant-year observations used in the analysis (column "Universe") from the CMF and ASM databases for the period 1991-2007. We require each observation in both samples to have all variables necessary to compute total factor productivity (TFP). "Total value of shipments" is TVS in the CMF and ASM databases and a measure of sales from plants in million dollars; "Capital stock" is the sum of real net stock of equipment and structures in 2005 constant million dollars. It is constructed using a perpetual inventory formula following the procedure described in Appendix A; "Total wage" is the sum of wages for production and non-production workers in thousand dollars; "Total employees" is the number of total employees; "Average wage" is computed as total wage divided by total employees; "Wage per hour (production workers) is total production worker wage divided by total production hour; "Plants per segment" is the number of plants in a given industry segment (defined at the three-digit SIC level) of a given firm; "Plants per firm" is the total number of plants of a given firm; "Plant age" is the number of years since a plant first appears in the CMF or ASM database; "TFP (Standardized)" is total factor productivity computed by estimating a log-linear Cobb-Douglas production function by three-digit SIC industry and year, divided by its within-industry standard deviation; "Operating margin" is defined as (output -labor costs -material costs) / output; "HHI (Census)" is the Herfindahl-Hirschman Index computed at the three-digit SIC level using all observations with positive total value of shipments in the ASM database. "Num. industries (SIC3)" is the number of three-digit SIC industries represented in the sample; "Observations" is the number of plant or firm observations. This table presents descriptive statistics on targets of hedge fund activists matched to the Census plant-level data (column "Census Sample") and all target firms (column "All Target Firms"), benchmarked with the full sample of Compustat firms (column "Full Compustat Sample") for the event period 1994-2007. All variables are retrieved from years prior to the event year. "MV" is market capitalization in millions of dollars; "Assets" is total book value of assets in millions of dollars; Leverage is defined as debt/(debt + book value of equity); "Cash" is defined as (cash + cash equivalents)/assets; "Div Yld %" is dividend yield, defined as (common dividend + preferred dividends)/(market value of common stocks + book value of preferred); "q" is defined as (book value of debt + market value of equity)/(book value of debt + book value of equity); "Sales growth" is the growth rate of sales over the previous year; "Cash flow" is defined as (net income + depreciation and amortization)/lagged assets; "R&D" is R&D scaled by lagged assets; "Firm age" is the number of years since a firm's first appearance in Compustat; "HHI" is the Herfindahl-Hirschman index of industry competition defined as the industry-level (SIC3) squared sum of firm market shares measured by sales; "Capx %" is capital expenditures scaled by lagged assets; "Total Payout Yld %" is defined as the sum of common dividends and common share repurchases, scaled by the lagged market capitalization; "CEO Turnover" is equal to one if the name of the current CEO is different than that of previous year's CEO, and zero otherwise; "Altman (Ex. Leverage)" is Altman's Z-Score computed excluding the leverage ratio. This table examines the impact of hedge fund activism on the productivity of plants owned by target firms in each year from two years before to two years after the hedge fund's intervention. Our measures of productivity are standardized total factor productivity (TFP) and operating margin as defined in Table 2 .
) is a dummy variable equals to one for k years before (after) activism, and zero otherwise. "d[t]" is defined similarly. "log(plants per segment)," "log(plants per firm)" and "Plant age (× 100)" are defined in Table 2 . The unit of observation is the plant in columns 1 and 2, and the firm in columns 3 and 4, in which plant-level TFP is aggregated at the firm level using beginning-year capital stock as a weight and the number of plants per segment is the average across segments for a given firm. Industry fixed effects are excluded (included) when the dependent variable is TFP (Operating margin) given that our computation of TFP already accounts for industry fixed effects. Year fixed effects are included in all regressions. t-statistics based on standard errors adjusted for sample clustering at the plant (firm) level are reported below the coefficient estimates in columns 1 and 2 (columns 3 and 4).
(1) This table presents the interactive effect of hedge fund activism with product market competition on the productivity and profitability of plants owned by target firms in each year from the two years before to two years after the hedge fund's intervention. Our measure of product market competition is the Herfindahl-Hirschman Index (HHI) defined in Table 2 lagged by one year relative to the dependent variable. TFP is estimated using the specification described in Table 2 and operating margin is defined as in Table 2 . All other independent variables are defined in Table 4 . Industry fixed effects are excluded (included) when the dependent variable is TFP (Operating margin) given that our computation of TFP already accounts for industry fixed effects. Year fixed effects are included in all regressions. t-statistics based on standard errors adjusted for sample clustering at the plant level are reported below the coefficient estimates.
( This table presents the effects of hedge fund activism on changes in productivity from one year before to two years after the intervention for plants that are in the target firms' industries but not directly targeted by an activist hedge fund (i.e., "non-target industry peers"). The unit of observation is the three-digit SIC industry, excluding plants targeted by activist hedge funds in a given year. TFP is estimated using the specification described in Table 2 at the three-digit SIC industry level. Operating margin and the HHI are defined in Table 2 . "Target share" is the share of output commanded by activists' target plants in a given industry one year prior to activism, and hence is a measure of targeting intensity of the industry. Other control variables are computed based on the industry-level means of the control variables defined in Table  4 . Industry and year fixed effects are included in all regressions. t-statistics based on standard errors adjusted for sample clustering at the industry level are reported below the coefficient estimates.
( Tables 4 and 5 to an alternative production functional form and measures of product market competition, respectively. Specifically, in Panel A we use a translog production function which allows second-order terms of inputs and interactions between them to estimate TFP. In Panel B, we use a Cobb-Douglas production functional form as in Tables 4 and  5 . "High HHI dummy" is equal to one if the HHI of an industry is larger than the 75 th percentile, and zero otherwise. "HHI (FF48)" is the HHI computed using firm-level total value of shipments based on the Fama-French 48 industry classification; "Net profit margin" is industry-level net profit margin defined as (output -labor costs -material costs) / output. Operating margin is defined as in Table 2 . All other independent variables are defined in Table 4 . In Panels A and B, industry fixed effects are excluded given that our computation of TFP already accounts for industry fixed effects. Year fixed effects are included in all regressions. t-statistics based on standard errors adjusted for sample clustering at the plant (industry) level are reported below the coefficient estimates in Panel A (Panel B). This table provides estimates of the extent to which firm attrition from the Compustat database induces biases in the measurement of the effect of hedge fund activism on target firms' performance. "Attrition" ("Non-attrition") is a dummy variable equal to one if the target firm that owns a plant disappears (does not disappear) from Compustat within two years post-activism, and zero otherwise. All other independent variables, and TFP and operating margin are defined in Table 4 . Industry fixed effects are excluded (included) when the dependent variable is TFP (Operating margin) given that our computation of TFP already accounts for industry fixed effects. Year fixed effects are included in all regressions. t-statistics based on standard errors adjusted for sample clustering at the plant level are reported below the coefficient estimates.
( The table reports statistics on time-variation in factor loadings associated with firms targeted by hedge fund activists over the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] . In panel A we report regression estimates and t-statistics from equal-and value-weighted calendar-time portfolio regressions. The "portfolio holding period," indicates the holding period in months relative to the month of the hedge fund intervention. For example, the portfolio with holding period +1,+12, continually adds target firms that have had an activist event in the preceding month and holds these firms through a year after their respective activism events. In Panel B we form zero-cost portfolios that are long in target firms and short an industry benchmark portfolio. The benchmark is formed by matching each target firm to one of the corresponding Fama and French value-weight industry portfolios. We present results based on both equal-and value-weighting the matched industry returns. In Panel C we form zero-cost portfolios that are long in target firms and short an industry and characteristic-based benchmark portfolio. The benchmark is formed by first matching each target firm with replacement firms with the same 3-digit SIC code. We retain firms whose market capitalization is within 50% of the target firm's market capitalization. Next, we further narrow down the list of benchmark firms to those whose book-to-market ratio within 25% of the target firm's book-to-market ratio, measured in the year preceding the hedge fund activism. The last step is to value weight the remaining firm returns. Results are presented based on both equal-and value-weighting these benchmark returns. "Alpha" is the estimate of the regression intercept. "BETA" is the factor loading on the market excess return (the Fama and French RMRF). "SMB," "HML," and "MOM" are the estimates of factor loading on the Fama-French size and book-to-market factors, and the Carhart momentum factor, respectively. "R2" is the adjusted R 2 from the regressions and "N" is the number of monthly observations. We set a minimum of ten firms per month for all portfolios. The table reports statistics on time variation in factor loadings associated with hedge fund activism over the period 2001-2007 conditional on the competitiveness of the target firm's industry. Competitiveness is measured using the Herfindahl-Hirschman ("HHI") index calculated at the industry 3-digit SIC code. An industry is classified as competitive (non-competitive) if its HHI index is lower (higher) than the 25 th percentile of industry HHIs in a given year. HHI classifications are lagged by one year. We report regression estimates and t-statistics from equal-and value-weighted calendar-time portfolio regressions based on target firms from "competitive" and "non-competitive" industries. Within each panel and weighting scheme we report target firm long only portfolio regression results and results in which we long target firm portfolio and short a value-weight portfolio of benchmark firms formed by matching based on 3-digit SIC code, size and book-to-market ratio. In Panel A we report results for targets in competitive industries whereas in Panel B we report regression results for targets in non-competitive industries. The "portfolio holding period," indicates the holding period in months relative to the month of the hedge fund intervention. "Alpha" is the estimate of the regression intercept. "BETA" is the factor loading on the market excess return (the Fama and French RMRF). "SMB," "HML," and "MOM" are the estimates of factor loading on the Fama-French size and book-to-market factors, and the Carhart momentum factor, respectively. "R2" is the adjusted R 2 from the regressions and "N" is the number of monthly observations. We set a minimum of ten firms per month for all portfolios. 
